Introduction {#sec1-1}
============

Dental caries is a widely spread dietobacterial disease involving demineralization of inorganic and destruction of the organic component of enamel and dentin. Researcher at the National Institute of Dental Research reported as a result of a series of experiments, which revolutionized the thinking about dental caries for decades to come.\[[@ref1]\] The important components of this triad are susceptible host, cariogenic diet, and bacteria. This disease *per se* is resistant to antimicrobial therapy. Dietary components such as sucrose and starch are well implicated in the etiology while certain food components are considered to be caries protective. Teas are known for its anticariogenic action.\[[@ref2][@ref3][@ref4]\] One of the proposed mechanism being inhibition of salivary amylase which inturn reduces the cariogenic potential of starch via reducing the release of fermentable carbohydrates.\[[@ref5]\] There can be variation in the inhibition of this enzyme activity *in vivo* between high caries and no caries group. Apparently, this area holds future prospects as one of the preventive mechanisms from an epidemic of dental caries.

Materials and Methods {#sec1-2}
=====================

The study was carried out in the Department of Pediatric Dentistry at Nair Hospital Dental College, Mumbai. The study was in accordance with Helsinki\'s declaration. Participation in the study was voluntary, and ethical clearance was obtained for the study. The procedure was explained in details to the respective parents or guardians, and informed consent was obtained from them. A total of 500 children in age group of 12--15 years were screened to evaluate their dental caries status as per the WHO criteria (1997).\[[@ref6]\]

Inclusion criteria {#sec2-1}
------------------

The children in age group of 12--15 years and with good general health were included in the study.

Exclusion criteria {#sec2-2}
------------------

Medically compromised children or one with a history of hospitalization or intake of antibiotics or medication in the past 6 months or not willing to take part in study were excluded from the study.

Grouping {#sec2-3}
--------

Subjects fulfilling inclusion and exclusion criteria were randomly categorized by lottery method into two groups based on decayed missing filled surface (DMFS) score, i.e., Group 1: children with high caries (DMFS score more than 10) and Group 2: children with no caries (DMFS score zero). The two groups were age and sex matched.

Posology {#sec2-4}
--------

Tea decoction was prepared by suspending 3 g of black tea powder in 200 ml of distilled water at 100°C, stirring gently for 3 min, and filtering through Whatman\'s filter paper no. 1. A 1.5% solution of tea was thus prepared.

Estimation of tannins {#sec2-5}
---------------------

Tannins were estimated in the following sequence.

Preparation of standard curves of gallic acid {#sec2-6}
---------------------------------------------

The method of Ragazzi and Veronese\[[@ref7]\] was used. Total phenolic content, collectively known as Tannins, was measured as gailic acid (GA) equivalents, using Folin and Ciocalteu\'s phenol reagent. A standard curve of gallic was thus prepared using standard dilutions of GA ranging from 5 µg/ml to 75 µg/ml. 1 ml each of the GA solutions (serial dilutions) were diluted to 50% of original concentration with menthol, 0.5 ml of Folin, and Ciocalteu\'s phenol reagent (2.0N), and 3.0 ml of Na~2~CO~3~ (200 mg/ml) were mixed in order. The mixture was vortexed and the reaction allowed to proceed for 15 min at room temperature. The reaction mixtures were diluted with 10 ml of deionized water. A white precipitate that formed from Folin and Ciocalteu\'s Phenol reagent was removed by centrifuging for 5 min at 1250 G. Absorbance of the supernatants were measured at 725 nm in the spectrophotometer.

Estimation of total phenolic content of tea decoction {#sec2-7}
-----------------------------------------------------

Tea decoction (1.5%) was prepared in the manner stated before. It was centrifuged at 3000 G at room temperature to remove any particulate matter or dust particles. Serial dilution of tea extract was then made in three ranges: 1:100, 1:50, and 1:25 (two samples each), using methanol as control and GA as standard and serial dilutions of tea as test solutions. Total phenol content of tea decoctions was determined. The method used was that of Ragazzi and Veronese,\[[@ref7]\] as described before.

Estimation of soluble phenolic content of tea decoction {#sec2-8}
-------------------------------------------------------

The crude extract of tea (1.5%) was prepared in as similar fashion. It was treated with equal volume of 0.5% calf gelatin solution and centrifuged at 5000 G for 15 min at room temperature. This led to precipitation of condensable tannins while soluble tannins remained in supernatant. Three serial dilutions of the supernatant were made, 1:100, 1:50, and 1:25 using methanol as control, GA as standard, and serial dilutions of gelatin treated tea decoction as test solution, soluble tannin concentration of tea extract decoction was estimated spectrophotometrically and reading absorbance at 725 nm.

Collection of samples {#sec2-9}
---------------------

Two hours of fasting period was a requirement, before the collection of food samples. Each subject was given 2 salted crackers (2.8 g each with maltose to sucrose ratio of 0.4) to chew approximately 60 s following which, they rinsed with 20 ml water for 20 s. Retained food was recovered from the buccal surface of left mandibular first or second premolar after 3 min using curette and placed in 1 ml distilled water in microcentrifuge tubes. The caps were closed, and tubes were placed in boiling water for 5 min to deactivate amylase. The same subjects were called the next day, and the same procedure was repeated using 20 ml tea decoction at room temperature (1.5% solution with tannin concentration of 1.59 mg/ml).

Storage of samples {#sec2-10}
------------------

The tubes, immediately after sample collection, were carried in a chilled container to the laboratory, where they were stored at −23°C for further chromatographic analysis.

Chromatographic analysis {#sec2-11}
------------------------

For chromatographic analysis, samples were thawed and brought to room temperature. The tubes were then centrifuged at 1500 g for 5 min, and resultant supernatant fluid was diluted 5 folds with deionized water. Fifty microliters aliquots of diluted samples were used for chromatographic analysis of maltose and sucrose using Dionex high-performance anion exchange liquid chromatography system, with CarboPac PA1 column. NaOH was used as etrant. Gradient varied from 30--70 to 8--92 mv. Isocratic elution with 0.1 Smol/L NaOH and pulsed amperometric detection of separated sugars was carried out. The Maltose to sucrose ratios of both the groups was assessed from chromatograms. The results obtained were analyzed statistically.

Statistical analysis {#sec2-12}
--------------------

Student *t*-test was used for comparison of results. The statistical significance was set at *P* \< 0.005.

Results {#sec1-3}
=======

In an entrapped particle of food, the amount of sucrose tends to remain constant as long as particles are retained on dentition but the amount of maltose increases due to the action of salivary amylase on starches. Maltose to sucrose ratio was thus used to evaluate the results. In our study, all 30 subjects successfully completed the study.

In Group 1, i.e., with high-caries group, average maltose to sucrose ratio obtained using water as rinsing solution was 3.25 and 1.82 with 1.5% black tea decoction (1.5%). An average reduction of 43.49% in maltose to sucrose ratio was found. Statistically, the reductions obtained were highly significant, i.e. *P* \< 0.005 \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

###### 

Comparison of Maltose/Sucrose ration in both the groups (*n*=15 in each group)
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Comparison of percentage reduction in maltose to sucrose ratio (*n*=15 in each group)
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In Group 2, i.e. no caries group, it was found that the average maltose to sucrose ratio was 3.30 when water was used as rinsing solution and 1.83 when black tea decoction. An average reduction of 41.25% in maltose to sucrose ratio was found and it was highly significant (*P* \< 0.005) \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

However no statistically significant differences, in the reductions of maltose to sucrose ratios were found (*P* \> 0.005) when intergroup comparisons were made \[[Table 2](#T2){ref-type="table"}\].

Discussion {#sec1-4}
==========

Dental caries is a widely researched area in dentistry which has proved to be heterogeneous disease complex with multiple factors contributing to its initiation and expression. The etiology is multifactorial with the interplay of suitable substrate, susceptible host, and microorganism. Dietary carbohydrates, especially sucrose and sticky foods like chips, chocolates, and starch-rich diet are universally accepted as the etiological agents. Thus, dietary modification and substances having anticariogenic activity can play an important role in its prevention.

Tea is obtained from dry leaves of *Camellia sinensis* is known for such effect. Moreover, it is a most commonly used beverage in the world after water thus the use is widespread. A number of mechanisms have been invoked to explain this effect.\[[@ref2][@ref8]\] These include the influence of endogenous tannins on bacterial growth and viability,\[[@ref9][@ref10][@ref11]\] the inhibition of glucosyl transferase,\[[@ref12]\] high-fluoride content of tea, action on salivary amylase.

Salivary alpha-amylase is the most plentiful and physiologically active enzyme in the oral cavity. It has three distinct functions, i.e. its enzymatic action plays a role in carbohydrate digestion, amylase in solution binds with high affinity to selected group of streptococci and also plays a role in adhesion of alpha-amylase binding bacteria.\[[@ref13][@ref14][@ref15][@ref16]\]

All these activities depend on an intact enzyme configuration. Amylase bound to bacteria in plaque as well as free amylase in saliva may facilitate dietary starch hydrolysis to provide additional low-molecular weight carbohydrates, for metabolism by micro-organisms. The resulting lactic acid produced may add to the pool of acid in plaque to contribute to further tooth demineralization thus resulting in further progression of dental caries.\[[@ref13]\]

Salivary amylase plays a catalytic role in a random splitting of α-1,4 glucosidic bonds of glucan. The end products of this reaction are maltose, some glucose and limit dextrins.\[[@ref15][@ref17][@ref18][@ref19]\] Thus, salivary amylase enzyme catalyzes the hydrolytic cleavage of food starch to maltose and other low molecular weight carbohydrates which act as a substrate for the development of dental caries.

Thus, we designed our study to know whether black tea decoction can have any effect on salivary amylase activity and if there is any variation in the effect in children with high and no caries. The 12--15 years age group was selected so that all the permanent teeth had been exposed to the oral environment for a sufficient period and to have a true picture of the permanent dentition.

The result of present study state that the salivary amylase activity is significantly inhibited by black tea decoction rinse both in high caries and no caries group. The study results are in consensus with the previous study\[[@ref20]\] which reported the similar effect on salivary amylase activity via intraoral hydrolysis of starch shortly after consumption of black and green tea. 1% tea decoction was used to asses *in vitro* activity. Further *in vivo* experiment was done on few subjects and sample was collected rapidly, i.e., 0.5, 1 and 1.5 min in contrast to our study in which only 1.5% black tea decoction was used and the sample was retrieved after 3 min. Above study showed greater inhibitory effect which can be explained by delayed collection of the sample during which effect may have reduced. The suppression of salivary amylase activity from *Streptococcus mutans* by both black as well as green tea was also reported.\[[@ref20]\] A study done on 10 healthy subjects using tea rinses for varying 5 and 10 times and with water as control shows rinsing with black tea infusion 10 times a day resulted in fall of pH (*P* \< 0.05), lower plaque index and higher fluoride concentration in plaque and saliva.\[[@ref21]\] Another research also reported the anti-enzymatic effect of black tea because of high-molecular weight of polyphenols and the aflavin.\[[@ref22]\]

Salivary amylase enzyme which is present in saliva as well as produced by a microorganism present in the oral cavity. Although it has important role in the development of dental caries the correlation between the level of this enzyme and incidence of dental caries is inconclusive.\[[@ref23]\] This can be a possible explanation for the insignificant difference in the inhibitory effect of black tea between high caries and no caries group in our study.

We further recommend studies with larger sample size and more lifelike situation, e.g. withdrawing food samples at regular specified time intervals during normal tea drinking situation in human subjects and evaluating for maltose and maltotriose content as it can open gateways to the effective and widespread caries preventive strategies worldwide. Moreover, limitation of our study is that high-fluoride level of black tea is also proposed as a mechanism for caries prevention which was not assessed in present study.\[[@ref4]\]

Conclusion {#sec1-5}
==========

Alpha-amylase is the key enzyme responsible for fermentation of starches to low-molecular substrate for dental caries. Black tea decoction rinses showed the significant inhibitory effect on this enzyme irrespective of their prior caries status. Thus, the effect of tea on amylase may be considerably significant in reducing the cariogenicity of starch-containing foods that are so frequently consumed with tea.
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